Experiments and methods
All materials were purchased from commercially available sources, and used without further purification.
Iodine (99.8% ACS) was purchased from Sigma-Aldrich. were added to a mixture of water (9 mL), piperazine (3 mL) and 2.8M HNO 3 (2 mL). The solution was heated in a 24 mL bomb at 483K for 3 days. The tan product was separated by filtration, washed with water and DMF several times and dried in air. were added to a mixture of DMF (20 mL), MeCN (10 mL) and 70% nitric acid (1 mL). The solution was heated in a pressure flask at 363K for 3 days. The white product was separated by filtration, washed with DMF several times and dried in air.
Synthesis of MFM

MFM-300(Sc)
Biphenyl-3,3',5,5'-tetracarboxylic acid (H 4 L, 300 mg, 0.91 mmol) and scandium triflate (900 mg, 1.83 mmol) were mixed in DMF (105 mL), water (15 mL) and HCl (36.5%, 3 mL). The solution was placed in a round bottom pressure flask and heated in an oil bath to 80 o for 72h. The white product was separated by filtration, washed with DMF and dried in air.
In-house powder X-ray diffraction analysis
Powder X-Ray Diffraction (PXRD) data were collected in flat plate mode over the 2θ range 5-40° on a X'pert multipurpose Diffractometer using Cu-Kα radiation (λ = 1.54056 Å) at 40 kV and 30 mA.
SEM experiments
SEM measurements were undertaken on a Zeiss EVO60 at a working voltage of 20kv with a scale bar up to 2 microns. The EDX experiment was undertaken using an EDS7636 SiLi dectector. Figure S11: SEM-EDX images for MFM-300(Sc)·2.62I 2 .
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Figure S12: Raman spectra of MFM-300(Sc) as a function of I 2 loading.
S12
Figure S13: High resolution powder diffraction data for MFM-300(Sc) as a function of I 2 loading. (15) 2.64 (6) 2.49 (5) Symmetry transformations used to generate equivalent atoms: (i) y+1/2, -x+1, z-1/4; (ii) -x+3/2, y, -z+3/4; (iii) -y+1, x-1/2, z+1/4; (iv) -y+1, -x+1, -z+1; (v) x, -y+1/2, -z+5/4; (vi) y, x, -z+1. Figure S18 . TGA plots and I 2 adsorption capacities of MFM-300(Sc) for adsorption-desorption cycling tests.
